ES 


} 
Le 


GID FRAM 


MOME 
R 


FOR 


NY) 
Uv 
= 
v 
Been 
v 
Seis 
) 
a4 
tes 
e) 
Li. 


TO BE TAKEN FROM THIS ROOM 
N 


BENDING 


NOT 


Ex aynis 


UNIVERSTCACIS 
AIRERTAENSIS 


7 7 ; Doar [TRS bey 


' fi ¥ 
ss | ery 

: i Tr) fee 
7 ; 4 1 ey 

i tneta | 


yep L) i i 


v 


iw 
ha 


: as 4 


c . 


THESIS 


Bending Moment Diagrams for Rigid Frames 


submitted as the partial fulfillment 
of the 
Requirements for the Degree of 


Master of Science 


by 
James Stewart Kennedy 
Under the direction of 


I. F. Morrison 


Professor of Applied Mechanics 


University of Alberta 


Edmonton, Alberta 


esis 
953 
+41 


ABSTRACT 


This work is designed to be an extention of the 
book, "Rigid Frame Formulas" by A. Kleinlogel. It contains 
the solutions for a number of the more general types of 
Rigid Frames in common use, for loadings consisting of 
couples applied at the corners of the frames. The purpose 
is to supplement the cases given in the book in order that 


its use may be extended to the solution of more complicated 


built-upn frames. 


Digitized by the Internet Archive 
in 2018 with funding from 
University of Alberta Libraries 


httos://archive.org/details/oendingmomentdia00jame 
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INTRODUCTION 


Throughout the years, lengthy computations have 
posed as a hurdle to the advancement of structural analysis 
and indeed to all science. This difficulty was overcome 
in previous years by the development and use of graphical 
methods of structural analysis. With the advent of the 
slide-rule and electric computing machines more accurate, 
analytical methods of analysis were developed and adopted. 

Even with the help of these modern computing 
machines, however, Engineers have continued to use simple 
structures and have been reluctant to adopt the more complex 
indeterminate types. This is) undoubtedly due ini part: to the 
large number of elastic equations which usually must be 
handled in order to obtain a solution for the indeterminate 
strueture coupled with the fact that the size of the: members 
must be assumed before the equations can be formulated. 

The last fact often makes it necessary to carry out several 
trials before an acceptable design is obtained. 

At present no method can be offered which would 
eliminate this trial and error type of solution and thus 
the accuracy of the first "guess" and hence, the number of 
trials required) depends only’ wpon the experience of the 
designer. However, it is possible to decrease the number of 
elastic equations which must be treated and hence decrease 
the amount of work required for each trial, a fact which 
should add impetus to the use of the indeterminate structure 


(i) 


(ai) 
in the future. The method of decreasing the number of 
elastic equations consists merely of adopting a statically 
indeterminate structure rather than the usual simple or 
statically determinate type as the "primary" structure. 
This is possible however only if a handbook containing 
solutions for a large number of rigid frames is available. 
Such a book is Kleinlogel's "Rigid Frame Formulas." 

Kleinlogel could not have thought of this appli- 
cation of his works as many cases of loading essential for 
the development and advancement of this new idea were omitted 
from his book and it is the object of this thesis to supply 
this necessary information. 

The basic notation set forth by Kleinlogel has 
been followed, and also in most cases the coefficients for 
the individual frames, in order that the books will be 
compatible and can readily be used together. The two frames 
for which the coefficients were changed are well marked and 
theimew coefficients supplied so there is Little chance of 
error. 

It should be explained why the number of solutions 
appears to be small. It was decided that rather than solve 
a large number of very special frames it would be better to 
solve only the more general cases. This greatly decreased 
the number of solutions required and still the solutions of 
the special cases may be determined with relative ease from 


these general cases. 
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METHOD OF SOLUTION 


The method used in the solution of these frames 
followed the standard procedure for solving indeterminate 
structures, i.e. the structure was rendered statically 
determinate, yet stable, by the removal of reactions and/or 
insertion of hinges. This removal of reactions and insertion 
of hinges determines the redundants adopted and, wherever 
possible, the structure was made determinate in such a way 
that the redundants corresponded to those used by Kleinlogel. 
This made it possible to use the same coefficients as were 
used in the parent book. 

The Maxwell-Mohr work equation was used to determine 


the values of the redundants. The ee equation is: 
SNL MMct WVdL_ Ss ay 
HO. 6, ee -x f Suge I GAB | a 
wis Mate aL + | i =© 
ts) 9 


As customary only the more important term of this 


equation i1.é€. the bending term, was retained. The equation 


was therefore reduced to: 


2o. 6 es ak 


in which 
Q,- Virtual forcee or couple applied at point m 
= Displacement of point m 
= Bending moment due to virtual load or couple 
at m 
M| = Bending moment due to actual loading 
| = Length of member 


Caen) 


 etentavetebat antvl 
| uiieoftesa bene! 
qo\bits anol fost Yo 
nottsesat bas anotsoner, to 
~roveredw ,bas bedaobe " 
ewe doug mt Sdholmnede 
Legolnters yd Beau saost 6 


pom ln 


eHow as adasiofticos omea 


Bs 


aids to axed dig diodm 


for 


a tntog ts betlage siquos 


ee | 


efqguos so Bbeol faudaty od Sib ane ; i 


(iv) 

| = Moment of mentite of member 

F = Modulus of Elasticity of member 

This neglecting of terms could be criticized. 
However, experience has shown that in most cases of rigid 
frames the terms neglected are comparatively small being only 
a few percent of the more important flexure terms. The 
slight error thus introduced into the design would be 
adequately cared for by the safety factors applied in present 


day design procedures. 
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